In this work, we describe the fabrication and operating characteristics of GaAs/AIGaAs thin film solar cells using the epitaxial liftoff (ELO) technique. This technique allows the transfer of these cells onto non-absorbing glass substrates, and makes possible light-trapping operation. The enhanced performance of the lifted-off solar cell is demonstrated by means of electrical measurements under both dark and illuminated conditionts.
INTRODUCTION
In recent years, lll-V solar cell technology has been actively pursued for use in space applications. This is due, in large part, to the superior efficiency of these materials, compared to silicon. Attention has also been given to the fabrication of thin film cells, due to their potential for reduced weight and cost, and improved efficiency [1, 2] . As a result, Ill-V cells show significant potential for terrestrial use as well. In this work, we describe the fabrication and operating characteristics of GaAsllnGaP thin film solar cells using the epitaxial liftoff (ELO) technique [3] . This technique allows the transfer of these cells onto non-absorbing glass substrates, and makes passible light-trapping operation with enhanced performance.
DEVICE FABRICATION AND LIFTOFF
The structure used in our experiment (see Fig. I ) was grown using metal organic chemical vapor deposition. It consists of an n-GaAs active region sandwiched between In0 49Ga0 21Alo 3P and In0 49Ga0 51 P windowlpassivation layers, and capped by a p+-GaAs contact layer. The entire structure is grown on top of a 500 A thick sacrificial layer of AIAs, which is subsequently etched to release the device from its substrate. A thin GaAs layer above the AlAs serves to protect device layers during liftoff.
Devices were fabricated by first depositing CrlAuZnlAu p-type contacts onto the sample, followed by a mesa etch down to the n-type active region. After the evaporation of AuGelNilAu contacts onto the active region, the sample was annealed at 380°C, to make the contacts ohmic. The material and junction quality were monitored after each process step using nondestructive room temperature pRotoluminescence [4] and open-circuit voltage (Vo$ testing. No reduction in Vw was observed during the process sequence, indicating minimal parasitic leakage in the junction. After device fabrication, the sample was covered with black wax, as shown in Fig. 2 . The thin film was lifted off of its substrate by selectively etching the AlAs layer in HF acid solution, and attached to a glass substrate with UV-curing polyurethane. The black wax was %hen dissolved using trichloroethylene (TCE), after which conductive brass wires were attached to the p-and n-type contacts.
ELECTRICAL MEASUREMENTS
Electrical measurements were then performed on the tiffed-off solar cell. The dark current-voltage (I-V) characteristic is shown in Fig. 3 . This plot exhibits a diode factor of n=l.93 for voltages between 0.45 V and 0.9 V, which corresponds to nonradiative recombination current. ~u r~e n~-V o~~a g e characteristic in the dark.
I-V curves were also obtained under an il~umination con~i~ion of 1 sun (AMO). The above solar cell is bifacial, in that it can be illuminated either through lass slide (the "front" side) or from the contact ~b a c~) side. The result of the measurement is shown in Fig. 4 . l i~u m i n a~~o~ from the front yields Vac= 0.995 V and rrent Isc of 30.7 mNcm2. At an operating V, the fill factor of this characteristic is oved performance in this configuration is due to the fact that incident light is not obstructed from the active region by metal contad pads. Moreover, reflection from the pads on the backsi e may enhance perfo~fflanc~ Fig. 3 , it can be seen that the operating point lies in the undesirable n=2 region of the I-V characteristic. This can be ~a~i a l l y attributed to the high series resistance (~350 C2) in this diode, the primary source of which is t h e s h e e t resistance of the ~~~~~~~ doped n-type active region. Another critical factor is the bandgap of the In0 49Ga021Ai0 3P window layer. This layer was made with a low Ai-content, in o degradation during the sacrificial etch step. Consequently, a large amount of solar radiation is absorbed and lost in these layers before reaching the active region. The result is a reduction in both V , , and lsc, which also tends to move the operating point into the n=2 regime. c 30% AI concentration to avoid attack by HF.
Composition with z 50% are feasible in a small area device, but would be susceptible etching through pinholes in the protective GaAs layer.
CONCLUSION
In summary, we have integrated a working thin film GaAs solar cell onto a glass substrate, using the epitaxial liftoff technique. This configuration allows illumination through the non-contact side of the cell, which increases its collection area and short-circuit current. The cell exhibits V,,= 0.995 V and Isc= 30.7 mA/cm2. These values are limited by series resistance and absorption in the window/passivation layers. By addressing these issues, it is expected that performance can be significantly improved.
